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Management, Università Cattolica del Sacro Cuore, Rome, ItalyA B S T R A C TBackground: Within the standard gamble approach to the elicitation
of health preferences, no previous studies compared probability
equivalent (PE) and certainty equivalent (CE) techniques Objective:
This study aimed to explore the differences between CE and PE
techniques when payoffs are expressed in terms of life-years or
quality of life. Methods: Individuals were interviewed through both
CE and PE techniques within an experimental setting. Inferential
statistics and regression analysis where applied to process data.
Order and sequence effect were also investigated. Results: On aver-
age, the elicitation technique did not affect individuals' risk attitude
signiﬁcantly. Individuals proved to be risk averse in gambles con-
cerning life-years and risk seekers in those concerning quality of life.
No order or sequence effect was observed. Risk premium, measuringee front matter Copyright & 2015, International S
r Inc.
.1016/j.jval.2014.12.019
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ndence to: Matteo Ruggeri, Institute of Policy and
8, Rome, Italy.the strength of risk attitude as the percentage variation between
the individual's estimated PE or CE and the risk neutral PE or CE,
was affected by the kind of gamble that the interviewee is presented
with. It increased in gambles concerning health proﬁles, denoting a
stronger risk propensity, and decreased in gambles concerning
life years, denoting a stronger risk aversion. Conclusion: The
choice of the elicitation technique did not affect the individuals' risk
attitude signiﬁcantly, which instead was sensitive to the kind of
gamble.
Keywords: preferences, standard gamble, utility assessment.
Copyright & 2015, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.Introduction
Risk attitude elicitation is a major topic in uncertainty eco-
nomics literature. Despite this important role and the huge
literature within several ﬁelds and applications [1–9], small
empirical evidence is available when payoffs are expressed in
terms of gains of life-years or quality of life. An empirical study
by Wakker and Deneffe [10] tested the gamble trade-off method
for the elicitation of utilities under uncertainty concerning both
monetary and life duration outcomes. The results of the study
revealed higher individuals’ risk aversion for life duration
outcomes, even though a similar curvature of utility was
observed [10]. In 2001, Bleichrodt et al. [11] investigated dis-
crepancies between the probability and certainty equivalence
methods and tested a quantitative adjustment method within
an experimental study in which outcomes were expressed in
terms of life duration gains and losses. More recently, Blei-
chrodt et al. [12] explored inconsistencies that occur in utility
measurement under risk when assuming expected utilitytheory and investigated the possible advantages of using the
prospect theory. In this study, outcomes were expressed in
terms of health proﬁles.
Nevertheless, the debate around the different methods used
to elicit health utilities, which are used in cost-utility analyses to
assess health care technologies, is still very vivid [13–15]. In
addition, health care decision makers consider the study of
health-affecting behaviors more and more relevant [16].
Previous evidence suggests that an important research ﬁeld
concerns the study of risk attitude within different health domains
such as health proﬁles and life-years or chance of death [9,17–19].
In two previous experiments, it was explored whether indi-
viduals’ risk attitude varied across outcomes in the health
domain, using the most popular way of eliciting risk attitude,
by establishing an indifference point between a certain outcome
and a gamble [18,19]. The authors investigated the difference in
individuals’ risk attitude when dealing with gambles involving
gains in life-years or health proﬁles. In the ﬁrst study, the
certainty equivalent (CE) technique was used on a UK sampleociety for Pharmacoeconomics and Outcomes Research (ISPOR).
Economics, Università Cattolica del Sacro Cuore, Largo Francesco
Table 1 – Summary of the four versions of the questionnaire containing four gambles.
Version A Version B
Outcomes of the
gamble
Certain outcome Outcomes of the
gamble
Certain outcome
1. LY (0; 5) 2.5 y 1. LY (0; 5) 2.5 y
2. LY (5; 15) 10 y 2. LY (5; 15) 10 y
3. QOLFH-IH (22222) 5 y in FH followed by 5 y in the state
22222
3. QOLIH-FH (22222) 5 y in the state 22222 followed by 5 y in
FH
4. QOLFH-IH (23232) 5 y in FH followed by 5 y in the state
23232
4. QOLIH-FH (23232) 5 y in the state 23232 followed by 5 y in
FH
Version C Version D
Outcomes of the
gamble
Certain outcome Outcomes of the
gamble
Certain outcome
3. QOLIH-FH (22222) 5 y in the state 22222 followed by 5 y in
FH
3. QOLFH-IH (22222) 5 y in FH followed by 5 y in the state
22222
4. QOLIH-FH (23232) 5 y in the state 23232 followed by 5 y in
FH
4. QOLFH-IH (23232) 5 y in FH followed by 5 y in the state
23232
1. LY (0; 5) 2.5 y 1. LY (0; 5) 2.5 y
2. LY (5; 15) 10 y 2. LY (5; 15) 10 y
Note. Health proﬁle 22222 is characterized by moderate problems in walking about, moderate problems in self-care, moderate anxiety, moderate
difﬁculties in performing usual activities, and moderate pain or discomfort. Health proﬁle 23232 is characterized by moderate problems in
walking about, severe problems in self-care, moderate anxiety, severe difﬁculties in performing usual activities, and moderate pain or discomfort.
FH, full health; IH, ill-health; LY, life-years; QOL, quality of life.
V A L U E I N H E A L T H 1 8 ( 2 0 1 5 ) 4 1 3 – 4 2 4414through a Web-based questionnaire. The study results showed
that most of the individuals were risk averse with respect to a
life-years gamble involving the chance of immediate death, but
risk seeking with respect to both life-years gambles not involving
the chance of immediate death and health proﬁles gambles. In
the second experiment, the probability equivalent (PE) technique
was used on an Italian sample of individuals through frontal
interviews. The results showed that most of the individuals were
risk averse with respect to life-years gambles both involving and
not involving the possibility of death and were risk seeking with
respect to gambles involving health proﬁles.
In the studies mentioned, themodal pattern of risk attitudes was
similar under the two elicitation methods with the exception of life-
years gambles not involving the chance of immediate death. In both
the experiments, interviewees proved to be risk averse with respect
to life-years gambles involving immediate death and risk seekers
about health proﬁles gambles. Differences in the degree of risk
attitude, which was larger for the CE method, however, occurred.
The choice of the elicitation techniques could justify the
occurrence of different results in terms of the strength of risk
attitude and risk aversion in gambles not involving immediate
death [20]. In the ﬁrst experiment, the CE method varies the
magnitude of the certain outcome to establish the indifference
point between the gamble and the certain outcome. The disad-
vantage of the CE method in the health proﬁles gambles is that
results may be biased by time preference as the time in the
imperfect health state was varied. In the second experiment, the
PE method avoids this potential bias in health proﬁles gambles.
Nevertheless, other potential biases could have inﬂuenced the
results and the comparability between the two studies. There-
fore, differences cannot be attributed only to the different
elicitation techniques used.
A ﬁrst source of bias involves the techniques used for data
collection. A Web-based questionnaire was used to elicit risk
attitude in the ﬁrst experiment, whereas face-to-face interviews
were used in the second experiment. Second, the incentivesoffered to participants might have played a role. In the ﬁrst
experiment, participants were involved in a prize draw. Although
ﬁnancial incentives may improve the quality of data, incentives
such as prize draws may be more attractive to risk-seeking
individuals and this may have inﬂuenced the results. In the
second experiment, no ﬁnancial incentives were offered.
Finally, another complicating factor is that the two studies
were performed in different countries. The ﬁrst experiment was
conducted in the United Kingdom, and the second experiment was
conducted in Italy. Different populations can exhibit different risk
attitudes, and in this case, with one in Northern Europe and the
other in Southern Europe, this could hold particularly true [21].
The two mentioned studies also tested whether changing the
order of the questions had an impact on the estimates of risk
attitude (i.e., order effect). Also, a sequence effect was tested with
respect to the time of experiencing the imperfect health state in the
health proﬁles gambles (before or after having experienced perfect
health states). No evidence of systematic order effect was found. A
sequence effect was present in those individuals who tended to be
more risk seeking when the years of ill-health occurred ﬁrst.
The aim of this study was to provide a better understanding of
whether individuals exhibit different risk attitudes (in terms of
type and intensity) when faced with CE- and PE-based gambles in
which payoffs are expressed in terms of either life-years or health
proﬁles. Cases in which the type and the strength of the
individual’s risk attitude changes according to the elicitation
technique will be referred to as “inconsistencies” in this article.
Therefore, discrepancies arising when the utility for the same
outcome differs from one method to another, inducing a failure
of procedure invariance, is outside the scope of our article.
This new experiment is the ﬁrst study in investigating differ-
ences in risk attitudes between CE and PE techniques when
payoffs are life-years or health proﬁles. The same population is
administered both the CE technique and the PE technique on a 3-
day distance. Data are collected through face-to-face interviews
without ﬁnancial incentives. As a second aim, the experiment
Fig. 1 – Algorithm used in the CE elicitation gamble between 50% chance of immediate death (Y ¼ 0) versus 50% chance of
living another 5 years (Y ¼ 5). CE, certainty equivalent; G, gamble; CE(G), indicates what happens if individual chooses the CE
(G) in previous choice; Y, value of the certainty equivalent offered (years). Shaded boxes indicate the estimated CE. If
respondent is indifferent in any of the choice, then CE is estimated to be equal to the value offered.
V A L U E I N H E A L T H 1 8 ( 2 0 1 5 ) 4 1 3 – 4 2 4 415also examined whether the previous ﬁndings with respect to
order and sequence effect hold true.Experiment Design
Risk Questions
To be able to discuss the results, the gambles are equivalent to
those used in the previous studies [18,19]. PE and CE are elicited
for four different gambles: 1) gamble between immediate death
and 5 life-years; 2) gamble between 5 life-years and 15 life-years;
3) gamble between 10 years in full health and 10 years in
moderate ill-health (see Appendix 1 in Supplemental Materials
found at http://dx.doi.org/10.1016/j.jval.2014.12.019 for ill-health
description); and 4) gamble between 10 years in full health and 10
years in severe ill-health (see Appendix 1 in Supplemental
Materials for ill-health description). The values of the certain
outcome are 2.5 years in 1); 10 years in 2); and 5 years in moderate
or severe (full) health followed by 5 years in full (moderate or
severe) health in 3) and 4). The certain outcome reﬂects the risk-
neutral outcome when the probability in the gamble is 0.5. In PE
gambles, the starting point is risk neutrality for all four gambles
(P ¼ 0.5). Table 1 summarizes the structure of the gambles used as
well as the value of the certain outcome. Appendix 2 in Supple-
mental Materials found at http://dx.doi.org/10.1016/j.jval.2014.12.
019 provides an example of the question used. Individuals’ CE
and PE are elicited during an interactive interview in which
respondents are presented with close-ended questions. In these,
the magnitude of the CE and PE offered to respondents depends
on their answer to the previous close-ended question. Theinterview is conducted by using SNAP software. A starting point
bias is likely to be present [22], but as long as the bias is
systematic across all four gambles, it will not affect the compar-
ison across different types of outcomes. Figures 1 and 2 show the
algorithms used in CE and PE gambles; in particular, they
represent an example of the application of gamble 1). If the
pattern of response indicates that the individual’s indifference
point lies between two values, then the PE and the CE are
assumed to be equal to the midpoint.
Versions of the Questionnaire
Four versions of the questionnaire (A, B, C, and D) were created to
investigate the presence of any sequence and order effects
(Table 1). In versions A and B, life-year gambles were presented
ﬁrst, followed by health proﬁles gambles, while this order was
reversed for versions C and D. The order effect was investigated
by comparing the two sets of answers. The sequence effect was
tested with respect to the health proﬁles gambles. In version B
and C, the years in ill-health were followed by years in full health;
in version A and D, years in full health were followed by years in
ill-health.
Experiment
Students of the School of Economics of the Università Cattolica
del Sacro Cuore in Rome were invited by e-mail to participate in
the experiment. Students were in their ﬁrst, second, or third year
of study in their BSc in Health Economics and Management. The
e-mail explained what participation involved without revealing
the real aim of the study. Students were told that this was an
Fig. 2 – Algorithm used in the PE elicitation gamble between 50% chance of immediate death (Y ¼ 0) versus 50% chance of
living another 5 years (Y ¼ 5). G, gamble; p, probability of the gain; PE, probability equivalent; S, sure outcome. Colored boxes
indicate the estimated PE. If respondent is indifferent, then PE is estimated to be equal to probability offered.
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health, monetary gains and losses, sports, political parties, drug,
food consumption, transport, education, hobbies, work place-
ment, and alcohol and smoke addiction. No incentives were
offered for participation. Students were asked to reply to the e-
mail if they were willing to participate in the experiment.
Respondents were invited to a warm-up session in which the
use of SNAP software was explained. In the same session,
students were given 1 hour to practice with a pilot close-ended
questionnaire in which monetary gambles were presented. A
research assistant was present during the warm-up session to
explain the use of SNAP software and answer any questions.
Because the laboratory was provided with only 20 computers,
respondents were divided into six groups and scheduled for the
ﬁrst session the day after. In the ﬁrst session, respondents were
administered real questions involving health gambles and also
“fake” questions about sports, smoke and alcohol, political
parties, and so forth. Before dealing with health gambles,
respondents were asked to assign a quality-of-life weight (range
0%–100%) representative of their health status. Moreover, before
dealing with each of the health proﬁles gambles, respondents
were asked to assign a quality-of-life weight (range 0%–100%) to
moderate and severe ill-health states that were described using
the EuroQol ﬁve-dimensional questionnaire (www.euroqol.org).
Descriptions of moderate and severe ill-health are provided in
Appendix 1 in Supplemental Materials. Health gambles were
administered before and after 20 “fakes.” Fake questions were
different and in different order for each respondent. Respondents
were given 40 minutes to ﬁll out the online SNAP questionnaire,
and results of choices were registered automatically on adatabase. The research assistant was not informed about the
kind of questions administered in the experiment and was
present only to solve any technical problem and to verify that
the protocol of the experiment was followed. Respondents were
not allowed to talk to each other and could use only a chat line
with the research assistant for technical clariﬁcations and generic
help. After talking two times with other respondents or explicit
questions for help that could invalidate the results of the experi-
ment (i.e., “excuse me, can you tell me how I can express that I
prefer to die in any case?”), the interview was deemed invalid but
the respondent was not informed. After the session, respondents
were invited to sit in a different hall to avoid contact with the
following groups and were scheduled for the second session to be
conducted after 3 days. On the second day, a short text message
reminded the participants of the schedule for the next day. In the
second session, the groups were mixed up and the experiment
protocol was identical, with different “fake” questions about
monetary gains and losses, sports, political parties, and so forth.
After the second session, respondents were informed about the
actual aim of the study. In both sessions, half the sample was
administered the questionnaire ﬁrst with the CE technique and
second with the PE technique. The other half was administered
the questionnaire ﬁrst with the PE technique and second with the
CE technique.Methods
The analysis of results was conducted on a blind basis, with the
analyst not knowing whether PE (CE) results concerned the ﬁrst
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the CE questionnaire, respondents were classiﬁed as risk averse,
risk neutral, or risk seeking depending on their CE being less
than, equal to, or greater than 2.5 in gamble 1), 10 in gamble 2), 5
years in full health followed by 5 years in moderate or severe
health in gambles 3) and 4). With respect to the PE questionnaire,
respondents were classiﬁed as risk averse, risk neutral, or risk
seeking depending on their PE being greater than, equal to, or less
than 0.5. Consistency between the CE and PE questionnaires was
tested by using the McNamer test, which is used on paired
nominal data. It is applied to 2  2 contingency tables charac-
terized by a dichotomous outcome, with matched pairs of sub-
jects. Such a test allows determining whether the row and
column marginal frequencies are equal. Under the null hypoth-
esis, the McNamer statistics follows a chi-square distribution
with one degree of freedom. In the present analysis, it was used
to investigate whether the individuals’ risk attitude (i.e., risk
aversion, risk seeking, and risk neutrality) changes according to
the investigation technique, given a certain kind of gamble.
The study investigated two potential framing effects: order
effect and sequence effect. The order effect was tested both for
life-years and health proﬁles gambles. Half the sample was ﬁrst
presented with the life-years gambles followed by the health
proﬁles gambles, and this order was reversed for the other half of
the sample. Thus, the presence of order effect was investigated
by means of the chi-square test to check whether the pattern of
risk attitude was signiﬁcantly different between the two halves of
the sample. Sequence effect, instead, was tested for gambles
concerning health proﬁles. Indeed, half the sample was pre-
sented with gambles in which years in ill-health were followed
by years in full health, while the other half of the sample was
presented with gambles in which years in full health were
followed by years in ill-health. Also, sequence effect was tested
for by means of the chi-square test.
Baseline differences between groups presented with different
order and sequence of questions were investigated through the t
test for independent samples for continuous variables, such as
age and self-reported health state, and through the chi-square
test for proportions, such as sex and lifestyles.
For the sake of consistency with previous similar experiments
[18,19], a risk premium (RP) measure was used to assess the
strength of the risk attitude. The RP was the percentage variation
between the individual’s estimated PE or CE and the risk-neutral
PE or CE. Such a measure ranges from 1 to 1, with 0 meaning
risk neutrality. An RP smaller than zero indicates risk aversion.
The lower the ratio is the more the individual is risk averse. An
RP higher than zero indicates risk seeking and the higher the
ratio is the more the individual is risk seeking.
To check whether the elicitation technique affects the
strength of the risk attitude, RPs computed at an individual level
were compared with respect to the elicitation technique used.
Wilcoxon paired-sample test was used to appraise the statistical
signiﬁcance of the differences observed. Moreover, correlation
coefﬁcients between the four RPs for CE and PE questionnaires
were estimated to test for consistency in the strength of the risk
attitude at the individual level.
Finally, a regression analysis was undertaken to conﬁrm
results of previous analyses by considering each choice as a unit
of observation. The linear regression approach was adopted
because RP is a continuous variable. Moreover, such an approach
was chosen over other regression methods because it allows easy
identiﬁcation of the effect of each independent variable on the RP
that individuals exhibit when faced with different gambles. The
regression analysis investigated the dependence of RP from
individuals’ characteristics resulting from the “fake” questions,
technique used, order and sequence effect, and type of outcome.
This section of the analysis was based on 960 observationsbecause RP measures were related to the choices of individuals
for each gamble presented in the questionnaire (i.e., 120 individ-
uals  2 techniques  4 gambles).
The linear regression model (ordinary least squares approach)
was built setting the RP as the dependent variable. Individual’s
characteristics were accounted for. They referred to sex (dummy variable: female);
 smoking status (dummy variable: smoker);
 alcohol consumption (dummy variable: drink alcohol 42
times/wk);
 self-reported health status (self-reported health state: contin-
uous variable);
 quality of life assigned to moderate ill status (assessment of
state 22222: continuous variable);
 quality of life assigned to severe ill status (assessment of state
23232: continuous variable); and
 extreme sports (dummy variable: practice extreme sports).
To test whether the technique that was administered ﬁrst
inﬂuenced the RP, a dummy variable (CE ﬁrst) was included. To
test for the order effect within the regression framework, inter-
action terms between order and another dummy variable indi-
cating type of gamble were included (named order effect). To test
for the sequence effect within the regression framework, inter-
action terms between the sequence variable and the two dummy
variables for health proﬁles gambles were included (named
sequence effect).
Variables for the type of outcome were as follows: life-years [0,5] using the CE (dummy variable: CE0–5);
 life-years [5,15] using the CE (dummy variable: CE5–15);
 moderate ill-health quality of life using the CE (dummy
variable: CE22222);
 severe ill-health quality of life using the CE (dummy variable:
CE23232);
 life-years [0,5] using the PE (dummy variable: PE0–5);
 life-years [5,15] using the PE (dummy variable PE5–15);
 moderate ill-health quality of life using the PE (dummy
variable: PE22222);
 severe ill-health quality of life using the PE (dummy variable:
PE23232);
The standard errors of the coefﬁcients were adjusted to allow
for heteroscedasticity (using the “robust” option in STATA).Results
Table 2 reports the sample characteristics. The ﬁrst section of
Table 2 compares the baseline characteristics of individuals
administered versions A and B of the questionnaire (i.e., those
in which gambles concerning life-years were presented before
those concerning health proﬁles) with those of individuals
administered versions C and D of the questionnaire (i.e., those
in which gambles concerning health proﬁles were presented
before those concerning life-years). Similarly, the second section
of Table 2 compares subsamples administered questionnaires
entailing different sequences of full health and ill-health gambles
concerning health proﬁles. No statistically signiﬁcant differences
were detected between the subgroups.
Risk Attitude
Table 3 presents the number of respondents who were risk
seeking and risk averse with respect to the elicitation technique.
The null hypothesis of marginal homogeneity states that the two
Table 2 – Characteristics of the sample.
Variable Order 1 (versions A and B) Order 2 (versions C and D) P value
Self-reported health state (VAS) 89.6  8.5 91.6  7.8 0.18
Assessment of state 22222 43.0  14.5 37.4  13.9 0.13
Assessment of state 23232 16.5  9.1 17.4  9.4 0.60
Age (y) 25.0  3.7 25.0  3.6 0.97
Sex: female, % 52 43 0.36
Smoker, % 46 35 0.19
Drink alcohol 42 times/wk, % 37 53 0.08
Practice extreme sports 6 0 0.07
N ¼ 120 n ¼ 60 n ¼ 60
Variable Sequence 1 (versions A and D) Sequence 2 (versions B and C) P value
Self-reported health state (VAS) 91.0  8.0 90.1  8.3 0.54
Assessment of state 22222 39.5  15.1 40.85  13.7 0.61
Assessment of state 23232 15.6  9.3 18.3  9.0 0.11
Age (y) 24.8  3.6 25.1  3.6 0.63
Sex: female, % 47 48 0.85
Smoker, % 61 57 0.57
Drink alcohol 42 times/wk, % 47 43 0.13
Practice extreme sports, % 3 3 1.00
N ¼ 120 n ¼ 60 n ¼ 60
Note. Health proﬁle 22222 is characterized by moderate problems in walking about, moderate problems in self-care, moderate anxiety,
moderate difﬁculties in performing usual activities, and moderate pain or discomfort. Health proﬁle 23232 is characterized by moderate
problems in walking about, severe problems in self-care, moderate anxiety, severe difﬁculties in performing usual activities, and moderate
pain or discomfort. For continuous variables, namely, self-reported health state, assessment of states 22222 and 23232, and age, mean  SD
are reported.
VAS, visual analogue scale.
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the individuals enrolled in the experiment was risk neutral.
Gambles between Immediate Death and 5 Life-Years
Most of the respondents were risk averse with respect to the
gamble between immediate death and 5 life-years (55.0% in the
PE gamble and 62.5% in the CE). Furthermore, 42.5% of the
respondents were risk averse when administered the question-
naire with both CE and PE techniques, while 25.0% were risk
seeking. Overall, 67.5% of the respondents were consistent with
respect to the technique with which the questionnaire was
administered. Conversely, 20.0% of the respondents were risk
averse when administered the CE gamble and risk seeking when
administered the PE gamble, whereas 12.5% were risk seeking
when administered the CE gamble and risk averse when admin-
istered the PE gamble. These differences, however, were not
statistically signiﬁcant (χ21 ¼ 2.08, P ¼ 0.15).
Gambles between 5 and 15 Life-Yearso/24
A similar pattern was observed for gambles between 5 and 15 life-
years (risk-adverse individuals were 57.5% in the CE gamble and
54.2% in the PE gamble). In this case, 38.3% of the respondents
were risk averse when administered the questionnaire with both
CE and PE techniques, while 26.7% were risk seeking regardless of
the technique adopted. In total, 65.0% of the respondents were
consistent between the two techniques. A total of 19.2% of the
respondents, however, were risk averse when administered the
CE gamble and risk seeking when administered the PE gamble.
However, 15.8% were risk seeking when administered the CE
gamble and risk averse when administered the PE gamble.
The null hypothesis of marginal homogeneity cannot be rejected
(χ21 ¼ 0.38, P ¼ 0.54).Health Proﬁles Gambles (Moderate Ill-Health)
Health proﬁles gambles yield a different risk attitude pattern
compared with those involving life-years. In fact, most of the
respondents proved to be risk seeking in gambles concerning
moderate ill-health states (64.2% in the PE gamble and 60.8% in
the CE gamble). Furthermore, 55.8% of the respondents were risk
seeking when administered the questionnaire with both CE and
PE techniques, while 30.8% were risk averse. In total, 86.7% of the
respondents were consistent with respect to the technique with
which the questionnaire was administered. However, 8.3% of the
respondents were risk averse when administered the CE gamble
and risk seeking when administered the PE gamble. Instead, 5.0%
were risk seeking when administered the CE gamble and risk
averse when administered the PE gamble. These differences,
however, were not statistically signiﬁcant (χ21 ¼1.00, P ¼ 0.32).Health Proﬁles Gambles (Severe Ill-Health)
Also, in gambles involving the severely ill-health state, most of
the respondents were risk seeking (71.4% in the PE gamble and
68.0% in the CE gamble). A total of 63.0% of the respondents were
risk seeking when administered the questionnaire with both the
CE and PE techniques, whereas 23.5% were risk averse with both
the techniques. A total of 86.5% of the respondents were con-
sistent with respect to the technique with which the question-
naire was administered. Conversely, 8.4% were risk averse when
administered the CE gamble and risk seeking when administered
the PE gamble. Moreover, 5.0% were risk seeking when adminis-
tered the CE gamble and risk averse when administered the PE
gamble. Nonetheless, these differences were not statistically
signiﬁcant (χ21 ¼ 1.00, P ¼ 0.32).
Table 3 – Number of respondents being risk seeking or risk averse in different gambles and using PE and CE techniques.
Life-years gambles
PE0–5 CE0–5 PE5–15 CE5–15
Averse Seeking Total Averse Seeking Total
Averse 51 15 66 Averse 46 19 65
Seeking 24 30 54 Seeking 23 32 55
Total 75 45 120 Total 69 51 120
χ21 2.08 χ21 0.38
P value 0.15 P value 0.54
Quality-of-life gambles
PE22222 CE22222 PE23232 CE23232
Averse Seeking Total Averse Seeking Total
Averse 37 6 43 Averse 28 6 34
Seeking 10 67 77 Seeking 10 75 85
Total 47 73 120 Total 38 81 119
χ21 1.00 χ21 1.00
P value 0.32 P value 0.32
CE, certainty equivalent; PE, probability equivalent; PE0–5 (CE0–5), gamble between immediate death and 5 life-years administered through the PE (CE) technique; PE5–15 (CE5–15), gamble
between 5 and 15 life-years administered through the PE (CE) technique; PE22222 (CE22222), gamble between 10 y in full health and 10 y in moderate ill-health administered though the PE (CE)
technique; PE23232 (CE23232), gamble between 10 y in full health and 10 y in severe ill-health administered though the PE (CE) technique.
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Table 4 – Analysis of order effect.
PE0–5 CE0–5
Risk attitude Life-years gambles ﬁrst Life-years gambles after Total Risk attitude Life-years gambles ﬁrst Life-years gambles after Total
Averse 28 38 66 Averse 34 41 75
Seeking 31 22 53 Seeking 26 19 45
Total 59 60 119 Total 60 60 120
χ21 3.04 χ21 1.74
P value 0.08 P value 0.19
PE5–15 CE5–15
Risk attitude Life-years gambles ﬁrst Life-years gambles after Total Risk attitude Life-years gambles ﬁrst Life-years gambles after Total
Averse 30 35 65 Averse 36 33 69
Seeking 30 25 55 Seeking 24 27 51
Total 60 60 120 Total 60 60 120
χ21 0.84 χ21 0.31
P value 0.36 P value 0.58
PE22222 CE22222
Risk attitude Life-years gambles ﬁrst Life-years gambles after Total Risk attitude Life-years gambles ﬁrst Life-years gambles after Total
Averse 23 20 43 Averse 24 23 47
Seeking 37 40 77 Seeking 36 37 73
Total 60 60 120 Total 60 60 120
χ21 0.33 χ21 0.03
P value 0.57 P value 0.85
PE23232 CE23232
Risk attitude Life years gambles ﬁrst Life-years gambles after Total Risk attitude Life years gambles ﬁrst Life-years gambles after Total
Averse 18 16 34 Averse 23 16 39
Seeking 42 43 85 Seeking 37 44 81
Total 60 59 119 Total 60 60 120
χ21 0.12 χ21 1.86
P value 0.73 P value 0.17
CE, certainty equivalent; PE, probability equivalent; PE0–5 (CE0–5), gamble between immediate death and 5 life-years administered through the PE (CE) technique; PE5–15 (CE5–15), gamble
between 5 and 15 life-years administered through the PE (CE) technique; PE22222 (CE22222), gamble between 10 y in full health and 10 y in moderate ill-health administered though the PE (CE)
technique; PE23232 (CE23232), gamble between 10 y in full health and 10 y in severe ill-health administered though the PE (CE) technique.
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Table 5 – Analysis of sequence effect in gambles involving health proﬁles.
PE22222 CE22222
Risk attitude FH-IH IH-FH Total Risk attitude FH-IH IH-FH Total
Averse 21 22 43 Averse 22 25 47
Seeking 39 38 77 Seeking 38 35 73
Total 60 60 120 Total 60 60 120
χ21 0.04 χ21 0.31
P value 0.84 P value 0.57
PE23232 CE23232
Risk attitude FH-IH IH-FH Total Risk attitude FH-IH IH-FH Total
Averse 19 15 34 Averse 21 18 39
Seeking 41 44 85 Seeking 39 42 81
Total 60 59 119 Total 60 60 120
χ21 0.57 χ21 0.34
P value 0.45 P value 0.56
CE, certainty equivalent; FH, full health; FH-IH, years in full health followed by years in moderate/severe ill-health; IH, ill-health; IH-FH, years
in moderate/severe ill-health followed by years in full health; PE, probability equivalent; PE22222 (CE22222), gamble between 10 y in full health
and 10 y in moderate ill-health administered though the PE (CE) technique; PE23232 (CE23232), gamble between 10 y in full health and 10 y in
severe ill-health administered though the PE (CE) technique.
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Table 4 reports the analysis of the order effect, and Table 5
presents the analysis of the sequence effect. No signiﬁcant
evidence of order effect was found. In PE gambles including the
chance of immediate death, however, most of the individuals are
risk seeking when the gambles concerning life-years were pre-
sented before those concerning health proﬁles and risk averse
when health proﬁles gambles were presented ﬁrst. Nonetheless,
such a difference was signiﬁcant only at a 10% level. Conversely,
in CE gambles, most of the individuals were always risk averse,
but the proportion of risk-seeking (adverse) individuals was not
signiﬁcantly different between the two orders.
No sequence effect was observed for gambles referring to
health proﬁles, neither for the CE technique nor for the PE
technique.
RP Measures
Table 6 presents the mean (median) of the RP measures and the
difference in RP measures between the two elicitation techniques.
When the PE technique was used, the average RP measure ranged
from 0.07 for the gamble between 5 life-years and immediate
death to 0.26 for the health proﬁles gamble involving the severe ill-
health state. When the CE technique was used, the average RP
measure ranged from 0.10 in the gamble between immediate
death and 5 life-years and 0.21 in the health proﬁles gamble
involving the severe ill-health. Except for the gamble between 5
and 15 life-years, none of the differences in the RP measure
between the two elicitation techniques was statistically signiﬁcant.
The correlation coefﬁcient between RPs elicited through PE
and CE techniques showed a strong positive correlation (ranging
from 0.36 to 0.73) for all the four gambles used. These coefﬁcients
were highly statistically signiﬁcant (P o 0.001).
Regression Analysis
Table 7 reports results of the regression analysis. A total of 960
observations were included in the analysis. Life-years, alcohol
consumption, and respondents’ assessment of moderate
and severe ill-health states were signiﬁcant variables. Notsurprisingly, individuals exhibit a lower RP (they are more risk
averse) when presented with gambles including life-years. For
this reason, coefﬁcients of the dummy variable indicating a
gamble based on life-years exhibit a negative sign.
Signiﬁcant coefﬁcients were found for life-years and health
proﬁles gambles using the CE and PE techniques. Coherent with
previous analyses, people tend to be risk seekers in gambles
based on health proﬁles (positive coefﬁcient) and risk averse in
those concerning life-years (negative coefﬁcient). Moreover, a
positive signiﬁcant relation between frequent alcohol consump-
tion and risk propensity has been observed.
Coefﬁcients referring to individuals’ assessment of moder-
ately and severely ill-health states show opposite signs. The
positive coefﬁcient of assessment of state 22222 (moderate ill-
health) implies that the higher the respondents evaluated the
moderate ill-health proﬁle the more risk seeking they were. The
negative coefﬁcient of assessment of state 23232 (severe ill-
health) implies that the higher the respondents evaluated the
severe ill-health proﬁle the more risk averse they were. The
respondent’s evaluation of the moderately ill-health state is
positively associated with the individual’s risk seeking, measured
through RP. Such a relation is reversed, however, for the severely
ill-health state. It is worth pointing out that within the experi-
ment, all the individuals were administered gambles concerning
both moderate and severe ill-health states. More speciﬁcally,
regardless of the order and the sequence, all the respondents
face the gamble involving the moderate ill-health state ﬁrst,
followed by the gamble concerning the severe ill-health state.
Thus, some kind of framing effect might have occurred with
individuals reducing their risk seeking when dealing with poorer
health outcomes. Such an effect, however, should be tested with
speciﬁc statistical analyses, and its investigation is outwitting the
aim of this article.
No signiﬁcant effect of order and sequence was detected.Discussion
The aim of this study was to provide a better understanding of
whether individuals exhibit different risk attitudes (in terms of
Table 6 – RP measures.
Gambles RP PE RP CE PE  CE P value
LY (0–5) 0.07 (0.08) 0.10 (0.20) 0.03 0.86
LY (5–15) 0.03 (0.07) 0.07 (0.05) 0.04 0.00
QOL (22222) 0.13 (0.13) 0.10 (0.20) 0.03 0.34
QOL (23232) 0.26 (0.38) 0.21 (0.35) 0.05 0.18
N ¼ 120
Note. Mean (median) are reported.
CE, certainty equivalent; LY (0–5), gamble between immediate death and 5 life-years; LY (5–15), gamble between 5 and 15 life-years; PE,
probability equivalent; QOL (22222), gamble concerning the moderate ill-health state; QOL (23232), gamble concerning the severe ill-health
state; RP, risk premium.
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which payoffs are expressed either in terms of life-years or in
terms of health proﬁles. Overall, 120 individuals were interviewed
using both the techniques within an experimental setting. Gen-
erally, they were consistent (i.e., demonstrated the same risk
attitude) across the elicitation techniques. A statistically signiﬁ-
cant difference in the mean RP for the gamble involving 5- to 15-
year outcome between techniques, however, was detected, with
the magnitude of RP being signiﬁcantly smaller when the CE
gamble was used. For all other gambles, no signiﬁcant differencesTable 7 – Regression analysis.
N 960 (4 gambles  2
techniques  120
participants)
Dependent variable Risk premium
Coefﬁcient (P value)
Intercept 0.078 (0.57)
Independent variables
Female 0.008 (0.74)
Smoker 0.023 (0.33)
Drink alcohol 42 times/wk 0.093 (0.00)
Self-reported health state 0.001 (0.32)
Participate in extreme sports 0.037 (0.57)
Assessment of state 22222 0.004 (0.00)
Assessment of state 23232 0.008 (0.00)
CE ﬁrst 0.027 (0.26)
Order effect 0.022 (0.37)
Sequence effect 0.001 (0.96)
CE0–5 0.352 (0.00)
CE5–15 0.356 (0.00)
CE22222 0.333 (0.00)
CE23232 0.260 (0.00)
PE0–5 0.154 (0.00)
PE5–15 0.129 (0.00)
PE22222 0.043 (0.00)
PE23232 0.078 (0.00)
Adjusted R2 0.14
F statistics (P value) 10.21 (0.00)
CE, certainty equivalent; PE, probability equivalent; PE0–5 (CE0–5),
gamble between immediate death and 5 life-years administered
through the PE (CE) technique; PE5–15 (CE5–15), gamble between 5
and 15 life-years administered through the PE (CE) technique;
PE22222 (CE22222), gamble between 10 y in full health and 10 y in
moderate ill-health administered though the PE (CE) technique;
PE23232 (CE23232), gamble between 10 y in full health and 10 y in
severe ill-health administered though the PE (CE) technique.in the magnitude of RP were detected, but individuals were, on
average, more risk averse when administered the CE gamble.
In a previous empirical study, Hershey and Shoemaker [20]
reported relevant discrepancies between the two techniques and
highlighted that people tend to be more risk averse under the PE
gamble. The authors found that the magnitude of this discrep-
ancy was strongly affected by individuals’ initial risk attitude and
depended on whether the gain or loss domain was examined.
Moreover, they claimed that when faced with PE gambles,
individuals tend to implicitly translate a pure gamble into a
mixed one, leading to increased risk aversion. In their experi-
ment, all the gambles considered either gains or losses; but when
dealing with changes in probability, keeping the certain outcome
constant, individuals may recode the gamble’s outcomes as gains
or losses relative to the ﬁxed amount and that becomes the new
zero reference point. For instance, when facing the choice
between a certain outcome of $100 and a gamble giving either
$200 or zero with 50% probability, respondents might reframe the
choice as being between $0 for sure and a 50-50 chance at either
þ$100 or $100. This effect is less likely to occur in the CE mode,
whereby the certain outcome is variable and zero remains the
more natural reference point. Such a reframing effect in PE leads
to an increase in risk aversion [20].
In another experimental study, Cohen and Jaffray [22] claimed
that CE estimates depend on the level of probability adopted. Two
possible reasons for this dependence were investigated: the
certainty effect, which is the overweighting of certainty, and
probability distortion, a nonlinear weighting of probabilities. CE,
PE, and gain equivalence methods were compared. Experimental
results revealed the existence of a certainty effect but not of
probability distortion. Thus, the authors concluded that the
certainty effect could be the reason of inconsistencies across
these techniques [22].
The mentioned studies, however, had a different design and,
most importantly, compared the two techniques using money
gains and losses.
In our sample, regardless of the technique used, individuals
were risk averse in gambles concerning life-years and risk
seeking in those concerning health proﬁles. RP, measuring the
strength of the risk attitude, proved to be affected by the kind of
gamble that the interviewee is presented with; the RP increases
in gambles concerning health proﬁles, denoting a stronger risk
propensity; conversely, it decreases in gambles concerning life-
years, denoting a stronger risk aversion. The choice of the
elicitation technique, however, does not seem to affect the
individuals’ RP signiﬁcantly.
This is the ﬁrst study investigating differences in risk atti-
tudes between CE and PE techniques when payoffs are life-years
or health proﬁles. Previous studies, however, used different
elicitation techniques within two different samples (British and
Italian) [18,19]. Although the main objective of the previous
studies was to test the difference in risk attitude within the
V A L U E I N H E A L T H 1 8 ( 2 0 1 5 ) 4 1 3 – 4 2 4 423health domain, the aim of this study was to test whether
inconsistencies in risk attitude estimation can be attributed only
to differences in the elicitation technique used. Thus, so far, no
direct comparisons between the two techniques, in regard to
health outcomes, have been published.
In van der Pol and Ruggeri [18], respondents were risk averse
when dealing with gambles involving the possibility of immedi-
ate death and risk seeking in all the other cases. In our study, as
well as in Ruggeri and van der Pol [19], respondents were risk
seeking when dealing with health proﬁles gambles and risk
averse in gambles concerning life-years. Risk aversion over life-
years has been demonstrated in a number of empirical studies
[23,24]. In regard to gambles concerning life-years, but not
necessarily the chance of death, van Osch et al. [25] provided a
valuable contribution. In their study, the authors combined both
qualitative and quantitative analyses to investigate the reference
point for CE under the prospect theory. The study enrolled
women administered CE gambles including individuals’ life
expectancy as a risky outcome. The authors found that individ-
uals tend to be risk averse when dealing with life-years because
they tend to compare the time horizon needed to achieve their
life goals to their perceived reference point. Thus, people tend to
avoid risk taking if it is not required, such as for life-years
gambles involving long survival. Moreover, the authors found
that some respondents were not even willing to live as long as
their remaining life expectancy because they anticipated poor
health at advanced age [25].
The differences in risk attitude between our results and those
reported by van der Pol and Ruggeri [18] could be justiﬁed by the
different study design: while in van der Pol and Ruggeri [18] data
came from a Web-based survey, in the present study face-to-face
interviews were used to gather data. Moreover, in the mentioned
study, interviewees were offered ﬁnancial incentives to take part
in the experiment, while in this case they were not. Finally, the
study by van der Pol and Ruggeri [18] involved a sample of British
students, whereas the present analysis enrolled a sample of
Italian students. Indeed, according to Weber and Hsee [21], a
different sociocultural background could explain the attitudinal
difference between samples coming from Northern and Southern
jurisdictions of Europe. Also, Rosen et al. [26] demonstrated, in
the US context, that sex, race, and education strongly affect
individuals’ risk attitude. Such an argument is also supported by
the fact that many similarities can be highlighted between our
results and those reported by Ruggeri and van der Pol [19] who
elicited risk attitude in an Italian sample using face-to-face
interviews with the PE technique. So, sociocultural differences
between the two samples appear as the most reliable explanation
of the differences observed. These issues will be further analyzed
in a next study, which is currently ongoing, aimed at investigat-
ing the impact of individual (e.g., income and education) and
contextual variables (e.g., availability of free access to health care
facilities) on risk attitude.
However, in the study by Ruggeri and van der Pol [19], no
framing effects were recorded. In our analysis, instead, a weakly
signiﬁcant order effect was observed for the PE technique refer-
ring to gambles involving the chance of immediate death, with
the proportion of risk-averse individuals being higher when
health proﬁles gambles were followed by life-years gambles.
The presence of framing effects in gambles involving the risk of
death has been investigated by Oliver [23] who argued that when
immediate death is used as the failure outcome, standard gamble
becomes insufﬁciently sensitive for the direct valuation of minor
health states. The process of “chaining,” which implies using
nonfatal outcomes ﬁrst and gradually introducing the chance of
death, might overcome this problem, but sometimes inconsis-
tencies within the standard gamble approach cannot be solved,
being a consequence of loss aversion when comparing a certainoutcome with a gamble. To this end, lottery equivalent methods
should be preferred because they rule out the certain reference
point [23]. In a similar yet different fashion, we observed that
when individuals are presented with gambles concerning health
proﬁles ﬁrst, it seems that their risk aversion increases because
they have the chance to implicitly compare the previously
presented nonfatal outcomes with a different situation in which
the possibility of immediate death is considered.
As in the previous experiments [18,19], no sequence effect was
found. It means that within the health proﬁles gambles, the order
in which full health and ill-health life-years are presented in the
gamble does not induce signiﬁcant changes in individuals’ risk
posture.
Many scholars investigated other aspects of risk attitude in
the health domain, often with a particular focus on the contri-
bution of quantity effect, gambling effect, and time preference
effect on the overall individual risk attitude [24,27]. Furthermore,
another relevant branch of research in this ﬁeld aims to compare
elicitation techniques for health utilities both theoretically and
empirically [28,29]. This is the ﬁrst study, however, comparing PE
and CE methods within the standard gamble approach in the
health domain. We consider this as the main strength of the
present research.
However, our analysis exhibits some limitations that deserve
mention. First, no monetary incentives were offered to encourage
students to take part in the study and no monetary payoffs were
corresponded. The presence of ﬁnancial incentives could have
meant obtaining better quality data and a larger sample size, but
it could have introduced a sample selection bias because ﬁnan-
cial incentives might attract more risk-seeking individuals.
The generalizability of results is another concern. The princi-
pal aim of the study was to compare PE and CE techniques. So, it
was important to avoid any confounding variable, selecting a
homogeneous sample. Thus, our study population was rather
homogeneous in terms of age, education, nationality, and eth-
nicity. Obviously, this choice prevented us from drawing con-
clusions with respect to other populations.
Furthermore, repeated measures have been ignored in the
regression analysis and no analysis of variance or mixed-model
analyses were applied.
Finally, our analysis is consistent with the expected utility
theory, although we did not investigate to which extent our result
hold within a prospect theory framework [30,31]. An ad hoc
investigation of this aspect would be necessary.
In conclusion, this study shows that individuals’ risk attitude
varies across health outcomes rather than elicitation techniques.
This can provide interesting insights for the investigation of the
value that people attach to health outcomes achievable by means
of different health care programs, when those outcomes are
measured in terms of quality-adjusted life-years estimated by
means of a standard gamble technique. Faced with treatments
involving a risk of reduced life expectancy, individuals will be
willing to trade-off quality of life or other aspects of treatment
because they are, on average, risk averse. Instead, when the risks
involve health proﬁles, then a more risky treatment is more likely
to be accepted by the individuals because they are in general
more risk seeking with respect to this aspect.
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